Objectives: To evaluate the concordance between the subjective and objective methods of sleep assessment in patients with fibromyalgia syndrome (FMS) and to delineate factors associated with discrepancy between the 2 sleep assessment methods.
F ibromyalgia syndrome (FMS) is a prevalent, chronic pain condition, characterized by the presence of generalized body pain and hyperalgesic responses to specific tender points. 1 It is estimated that 3% to 5% of the US population is afflicted with FMS. 2 FMS patients typically complain of various functional comorbidities, including chronic fatigue, mood disturbance, headaches, functional disturbance, and sleep disturbance. 3, 4 Sleep disturbance in FMS has been of particular interest because (1) it is one of the most common complaints in FMS 5 and (2) several experimental studies have shown that FMS-like symptoms develop after repeated deprivation of slow wave sleep. 6, 7 There are several methods for assessing sleep. The "gold standard" of sleep measure is to use polysomnography. Earlier electrocephalographic data showed the presence of a-wave intrusion during the delta wave sleep, 8 leading to a hypothesis that FMS might be a variant of a sleep disorder. However, subsequent research failed to confirm that the a intrusion is a universal phenomenon in FMS, 9 and a recent study 10 showed no difference in the sleep architectures between FMS patients and healthy controls.
Unfortunately, polysomnographic evaluations are labor and cost intensive and are not always feasible. Recently, as an alternative objective method to assess sleep, some studies have used actigraphic devices. These are small, wrist watchsized devices that patients are typically asked to wear at all times. They continuously record 3-dimensional movements, and sleep scores can be derived using the predetermined algorithm. Thus far, literature seems to be equivocal as to whether FMS is associated with actigraphically obtained sleep disturbance. Landis et al 11 have found no difference in actigraphically obtained sleep parameters of FMS women relative to healthy women, although FMS women showed significant relationship between several actigraphic indicators of poor sleep and fatigue. Korszun et al 12 on the other hand, have shown the significantly poorer sleep, specifically greater activity levels during night, for FMS patients compared with healthy controls.
Overall, however, the most common method to assess the quality of sleep is self-report. Such measures include standardized instruments such as the Pittsburgh Sleep Quality Index (PSQI) 13 and questionnaires that include sleep-related questions such as Fibromyalgia Impact Questionnaire. 14 On the basis of the PSQI, FMS patients reported an average of 6.5 hours of sleep per night and an elevated level of nonrestorative feeling. 15 FMS patients reported significantly greater sleep problems than the healthy controls. 16 Alternatively sleep may be self-monitored on daily basis, using a format such as a written sleep diary or electronic device. The advantage of these methods is that they allow longitudinal assessment and time-series analyses of sleep and relevant factors in FMS. Sequential time series study has shown the dynamic interaction of sleep and pain in FMS 17 ; pain seems to worsen after poor sleep and in turn, increased pain seems to lead to poor sleep. Similarly, negative emotional response seems to follow a night of poor sleep. 18 One of the concerns about the subjective report of sleep is validity. Generally the association between the subjective and objective sleep measures seems to be modest. 19 There is some evidence suggesting that subjective sleep data poorly agree with objectively assessed sleep data for people with sleep disturbance. For example, poor concordance between the subjective and objective reports of sleep duration among insomniacs has been repeatedly demonstrated. [20] [21] [22] [23] [24] [25] Similarly, the study of twins with chronic fatigue syndrome (CFS) showed significantly greater problems with sleep in their subjective reports among the CFS patients compared with their healthy co-twins, although the polysomnographic data failed to show such differences between the twins. 26 A recent study 27 evaluating the quality of sleep in older chronic pain patients relative to age-matched controls without sleep complaints found significant differences in the subjective sleep reports between the groups; however, with an exception of sleep duration, the groups did not differ in the actigraphically obtained measures of sleep quality.
The lack of concordance between the subjective and objective methods of sleep assessment may impose a significant clinical dilemma for those who treat FMS. Sleep is one of the most significant impairments for FMS patients and the initiation and direction of sleep therapy for these patients typically depends upon their subjective report of their sleep quality. The objectives of the present study were to (1) examine the concordance between the subjective and objective (actigraphic) methods of sleep assessment in FMS patients over a week and (2) delineate factors associated with a high degree of discrepancy between the 2 sleep assessment methods. We used nightly sleep as a unit of analysis, because this will take into account the potential intrasubject variability of sleep quality over time that may be common among people with disturbed sleep. 28 
METHODS
The research protocol was approved by the Institutional Review Board at the University of Utah. All participants provided written consent before entering the study.
Participants
A total of 75 FMS patients, who were recruited to be a part of a larger clinical study, were included in this study. The participants were mostly females (n=73, 97%) and 45.56 years old on average (SD=10.79 y), with the average FMS duration of 13.08 years (SD=10.94). General background information of the patients is shown in Table 1 . Their FMS classification by the American College of Rheumatology 1 must be met and was confirmed by the standardized tender point examination 29 conducted by a nurse practitioner and the use of Pain Drawing 30 to assess the presence of widespread pain.
Procedures

Objective Assessment of Sleep: Actigraph Sleep Assessment
Each participant was asked to continuously wear a Micro Mini Motionlogger Actigraph (Ambulatory Monitoring, Ardsley, NY) on his/her nondominant wrist, a wrist watch like device that measures 3-dimensional movement, for 7 days. The device was set up during the first visit to our study center by a Research Assistant. Once it was set up, a participant could not modify the setting. The actigraph value was not visible and thus, the participant was blind to the actigraph data. Each participant continuously wore the device once the set-up was completed, and the sleep data were derived from the night of the visit and for 7 consecutive nights. Epoch length was determined at 1 minute, using the zero-crossing mode. Sleep was defined if the probability of sleep exceeds the criterion in the epoch, based on the algorithm defined by Sadeh et al. 31 The software Action series (Ambulatory Monitoring Inc) calculates common sleep parameters (total sleep time, sleep efficiency, sleep onset latency, nocturnal awaking, and time awake after sleep onset), using the algorithm developed by Cole et al. 32 Actigraph data has shown high agreement with polysomnographic data (91%-93%) 31 as well as minute-byminute agreement with electrocephalography. 32 
Subjective Method: Electronic Diary Assessment
Each participant was asked to carry a Palm Pilot device, PalmOne Zire34 (Palm Inc, Sunnyvale, CA) that was used for Electronic Diary (ED) for 7 consecutive days. Each PalmOne was custom-programmed (TikiSoft, Orange, CA) to disable all the functions except for the ED questions and prompting intervals.
A day was divided into 3 epochs, and there was 1 random audible prompt in each epoch. Epochs were defined as first (time of wakening 11:59 AM), second (noon 4:59 PM), and third (5:00 PM to 8:59 PM). Participants were asked to use an alarm clock programmed into the Palm Pilot to indicate the period when they have been sleeping. The audible tone lasted 60 seconds. If not answered within this time, the tone would be repeated 5 minutes later, and if not answered again, 5 minutes later. Failure to answer this sequence of 3 requests for data entry produced a missing entry for that epoch. If the prompt occurred at an inconvenient moment, participants were able to delay the assessment for up to 20 minutes. Because data entry requests were signaled randomly and participants were unable to predict the exact timing of the signal, the allowance of 20-minute delay appeared reasonable to minimize the intrusiveness of the ED. As the ED was a random sampling procedure, this delay likely would not undermine the quality of the data.
ED questions were presented one at a time in a fixed order on a liquid crystal display. Participants were asked to respond to each question by scrolling across fixed response options with backward and forward arrows and then pressing an "enter" button to save the response and its time stamp on an "Electronically Erasable Programmable Read-Only Memory" data pack. Within an epoch the responders could move backward to change their response to an earlier question; however, once they completed the responses for that assessment epoch and saved them, participants could not access the data, nor could they access data from earlier assessment epochs.
At each ED epoch, participants were asked to rate their present levels for 7 FMS-related problems. Additionally, 5 questions relevant to sleep were included in the morning assessment epoch. The questions are listed in Table 2 . Although there are 3 ED assessments a day, we were only interested in the morning data because only the AM epoch has sleep-related questions. On the basis of the Q1 and Q2, we calculated self-reported sleep duration for the night. Participants returned to the laboratory at the end of the 7-day trial period with their actigraph and ED devices. The Research Assistant then uploaded data from the device to a desktop computer via a serial link. Data were automatically entered into a spreadsheet file for subsequent analysis.
Statistical Analyses
Given that the majority of participants both underreported and overreported their subjective sleep durations and that there was no nightly pattern effect on the directions, the differences between the 2 methods were converted into the absolute minutes per night. Next, we divided the nights into 2 categories: 1 group having less than 2 hours of discrepancy and the other with greater than 2 hours of discrepancy. This yielded 100 out of 525 nights that had greater than 2-hour discrepancy between the 2 methods (19%). A series of analyses of covariance were performed to identify sleep and FMS-related symptoms that were associated with greater than 2-hour discrepancy, with the use of hypnotic medications as a covariance. Then, based upon the results of the analyses of covariance, we conducted a discriminant analysis to evaluate the strengths of the factors that predicted the discrepancy between the 2 methods. Relationships among actigraph sleep data, ED sleep data, and FMS-related symptoms were evaluated with correlational analyses.
RESULTS
Number of Assessment Points
All 75 patients completed the 7-night actigraphic assessment, yielding a total of 525 sleep data. There were 3 missing assessment points for the ED sleep and pain data (522 data total points). There was 1 additional missing score for the ED fatigue data (521 data points) and 2 additional missing scores for the rest of the ED data (520 data points). The mean values from the actigraphically derived sleep measures and ED measures are listed in Table 3 .
Discrepancy Between ED-derived and Actigraph-derived Sleep Data
Overall, there was a significant difference between actigraphically obtained sleep duration (M=449.13 min, SD=105.42) and ED-based sleep duration (M=496.42, SD=123.71) [t(522)=9.47, P<0.01]. Sleep duration was longer for the ED method for 51% of the cases. Five cases (1%) had a complete match, and the actigraphically derived sleep duration was longer for 48% of the cases. Figure 1 shows the range of discrepancy, both underestimation and overestimation. The directionality of the discrepancy between the 2 methods seems to be equally divided.
To assure that there was no night effect on the direction of the discrepancy, we examined the numbers of participants who were overreporting and underreporting their sleep durations each night. As can be seen in Table 4 , the SD>actigraph and SD<actigraph were fairly evenly distributed across nights; X2(12)=11.55 NS.
Another possible effect to consider is participantspecific. That is to say whether there were certain individuals who were prone to misestimate whereas there were others who were consistently accurate in their subjective estimation of their sleep durations. Figure 2 shows the distributions of participants over the number of nights the sleep duration minutes were longer for their ED data relative to the actigraph data. The majority of the participants seemed to have had mixed results, that is, they (not refreshed at all) -6 (very refreshed) 6. How bad is your pain overall right now? 0 (no pain) -6 (worst pain) 7: How tired or fatigued do you feel right now? 0
(not tired at all)-6 (very tired) 8: How emotionally distressed are you right now? 0 (not distressed)-6 (very distressed) 9: How stiff do you feel right now? 0 (not stiff at all)-6 (very stiff) 10: How relaxed do you feel right now? 0 (not relaxed at all)-6 (very relaxed) 11: How well do you feel you can control your pain right now? 0 (not very well)-6 (very well) 12: How active do you think you can be right now? 0
(not active at all)-6 (very active) Another potential participant-specific factor that may influence sleep is the use of certain medications, which are listed in Table 1 . Two classes of medications were of particular interest: hypnotics and selective serotonin reuptake inhibitors/serotonin-norepinephrine reuptake inhibitor (SSRI/ SNRI), both of which may impact the quantity and quality of sleep. Hypnotics include both benzodiazepine and nonbenzodiazepine types. Thirty-eight (51%) participants were taking at least 1 type of hypnotic. The mean absolute discrepancy minutes between the 2 sleep measures were 86.06 (SD=58.93) for those taking hypnotics and 60.50 (SD=49.04) for those who were not taking hypnotics. The difference was significant [F(1,73)=4.16, P<0.05]. The difference between those taking SSRI/SNRI (M=78.74, SD=53.73) and those who were not taking SSRI/SNRI (M=68.02, SD=57.33) did not reach statistical significance [F(1,73)=0.70]. Given these results, the use of hypnotics was used as a covariate in the following series of univariate analyses.
Factors Related to Large Discrepancy Between ED-derived and Actigraph-derived Sleep Data
As noted earlier, the nights were divided into 2 groups based on whether the participants had greater than 2-hour discrepancy or not. The mean values of the actigraph and ED data for the 2 groups are shown in To integrate the results of the univariate comparisons, a discriminant analysis was conducted to evaluate which variables predicted the high degree of discrepancy between the 2 sleep measures. All variables with the significant F values were included in the analysis. The loading of 0.3 indicates significant association with the high degree of the discrepancy. 33 Results revealed that 3 factors showed significant association with the dependent variable: actigraphically obtained minutes awake after sleep onset (0.59), ED fatigue (0.50), and ED report of how difficult it was to fall asleep (À 0.41). All others yielded the loadings of less than 0.30. All together, 63.4% of the nights with less than 2-hour discrepancy and 62.6% of the nights with greater than 2-hour discrepancy were correctly classified.
Relationships Between Actigraph Sleep Data and ED Sleep Data
We performed the correlational analyses between actigraphically obtained data (sleep duration, sleep efficiency, latency, number of wakes after sleep onset, activity during night, and mean sleep episode) and subjective ED sleep .5~1hr 0~.5hr 0~.5hr A=S Actigraph > Self-Report Actigraph < Self-Report There was a significant association between sleep duration between the 2 methods, r(523)=0.51, P<0.001. No other significant association was observed.
Relationships Between Sleep and FMS-related Problems
Correlations between the sleep data and FMS-related problems are shown in Table 6 . For the actigraph sleep data, none of the sleep parameters show significant association with the FMS-related problems. On the other hand, some of the ED sleep measures were significantly related to FMSrelated problems. Most notably, ED report of how refreshed participants felt upon wakening was significantly related to all FMS-related problems; the less refreshed, the greater pain, fatigue, emotional distress, stiffness, and the less relaxed, having control over pain, and being able to be active. The number of reported times participants woke during night was also related to greater pain, reduced feeling of relaxation, and less ability to control pain.
DISCUSSION
The results from the present study suggest that misestimating sleep in FMS is fairly common. The direction and the extent of the difference in duration between the 2 methods vary greatly. Unlike the insomniacs who are more likely to underestimate their sleep duration, 22 our patients had the near equal distribution of underestimation and overestimation of their sleep. The mismatch was not related to specific nights or specific participants, suggesting that the misestimation of sleep is not likely to be explained by personal trait or repeated nightly measures. Many patients underestimated or overestimated their sleep duration for some nights, on average 73 minutes per night. A sizable number of nights (20%) had differences of greater than 2 hours between the 2 methods. Results from the further analysis suggests that the patients were more likely to misestimate their sleep when sleep was restless according to the actigraphic data, with subjective report of long sleep latency and when a person felt tired on the morning after.
Interestingly, those who were taking hypnotic medications, either benzodiazepine or non-benzodiazepine types, exhibited significantly greater discrepancy, by about 26 minutes on average, compared with those who were not taking hypnotic medications. This seems rather counterintuitive, as hypnotics are typically used to aid sleep management. However, hypnotics are known to have residual sedation 34 ; and the morning drowsiness may have potentially impacted people's ability to estimate their sleep. Future research is needed to address how the use of commonly used hypnotics may influence people's sleep perception.
It is important to remember, however, that although our results showed discrepancy between the subjective sleep reports and the actigraphically obtained sleep data, their sleep parameters typically fell into the normal range. For the most part, our participants did not exhibit seriously aberrant sleep patterns. It is possible that some of these discrepancies may reflect a form of sleep misperception ("paradoxical insomnia") in which a person complains of insomnia without any objective signs of sleep deprivation. 35 The misperception can also be positive (ie, overestimation). 36 Currently whether paradoxical insomnia is related to the sleep complaints of FMS patients is not known. It would be an important line of research as it could direct the therapeutic effort to target perception (eg, cognitivebehavioral approach), rather than sleep architecture per se (medications). The results from the correlational analyses are rather discouraging. The self-reported sleep quality showed very little relationship with the objective actigraph sleep data, except for sleep duration. Furthermore, whereas the FMSrelated symptoms/problems showed no relations to the objectively obtained sleep data, they were significantly related to the subjective report of how refreshed they felt upon waking and to lesser extent, the subjective estimation of restlessness of their sleep during the previous night.
There are a few possible explanations for these results. First, monomethod bias could account for the significant relationship between the subjective sleep report and the FMS symptoms because both were assessed in the morning with the ED method. The monomethod bias means that the observed variance is more attributable to the measurement method than the constructs that the measurement is supposed to assess, and this is a major threat to the validity of research. 37 Many potential sources of monomethod bias, including personal, measurement item, and environmental context factors, have been suggested (see Ref. 38 for details). Interestingly, however, others studying insomniacs using the multimethod approach 23 have suggested that poor mood adversely impacts a person's ability to estimate sleep duration. Thus, the demonstrated association between subjective poor sleep and FMS symptoms may go beyond the monomethod bias.
Another possibility, although it may not be totally independent from the monomethod bias discussed above, is the anchoring effect. When people try to judge how well they have slept in the previous night, they may anchor their answer to how they feel right now. If they feel achy, tired, and distressed, he/she may deduce that their sleep must not have been good. Alternatively, they may attribute the increase in the symptom severity to poor sleep. This raises a question as to how well can a person accurately recall the quality of sleep from the previous night.
Alternatively, the correlations may reflect prominent aspects of the disorder itself. The highest correlation was observed between fatigue and feeling of not refreshed upon wakening. Both are common and prominent fibromyalgia symptoms. Yet we may consider another possibility that people may have a natural tendency to correlate poor sleep quality and symptoms. That is, when we do not feel well, we may make greater relational attribution to sleep disturbance than actually deserved. For example, people with obsessive compulsive disorder shows high accuracy in recalling their symptoms of obsessive compulsive disorder but tend to overestimate the relationship between those symptoms and sleep. 39 One way to rule this out is to better understand the relationship between objectively obtained sleep quality and FMS symptoms. Currently, literature on how objective sleep duration may be related to FMS symptoms is scarce. From the sleep architecture perspectives, stage II length has been shown to be associated with pain scores. 40 Alpha-intrusion during stage IV, however did not show the relationship with myalgic scores. On the other hand, research using the time-series method has reported increased pain severity after a night of poor sleep. 17 Our results have significant clinical implications. For clinicians, patients' self-report of sleep duration and quality drives their evaluation and treatment of the sleep complaints, which often accompany their FMS. Our results suggest that patients' report of their sleep may be less reliable after a night of poor sleep quality, particularly those who take hypnotic medications. This is particularly disturbing as sleep complaints in clinical settings are assessed with subjective report of poor sleep. How can we be sure whether what they are reporting is "true" sleep problem versus potential measurement error versus fatigue that may or may not be related to the actual sleep quality? Furthermore, literature suggests that sedatives typically used for insomnia are ineffective for improving mood, sleep, or other symptoms of FMS. [41] [42] [43] Could the lack of efficacy be attributable to the problem of assessing sleep disturbance in FMS? When a clinician finds patients' sleep to be recalcitrant to treatment, it would be critical to evaluate whether treatment failure is because of the lack of efficacy of that particular regimen or because of inadequate assessment of sleep. It would be ideal to confirm patients' sleep complaints with the objective method; however, it often is not practical or feasible in a clinical setting. There are, however, some considerations we can entertain to improve clinical assessment of sleep disturbance for FMS patients in a clinic. One way may be to consider using an instrument with the proven psychometric properties. One of the most commonly used sleep questionnaires is the PSQI. The PSQI have been validated against the diagnoses of sleep disorders. 13 The correlations between the PSQI and the polysomnographic data are not nearly as strong as the one between the PSQI and self-reported sleep logs, although the PSQI was modestly related to some of the polysomnographic data: % stage II, sleep efficiency, and sleep duration excluding stage I. 44 Moreover, recently tested instruments to assess sleep disturbance and sleep-related impairments have also shown good psychometric properties. 45 These items were derived from a large number of sleep-related items in the effort to improve sleep outcome measures, as a part of the Patient-Reported Outcomes Information System effort of the National Institute of Health Roadmap initiative. They contain a reasonable number of items and may be quite feasible to incorporate in clinical practice.
Further research efforts to delineate how clinicians direct their treatment plan for sleep complaints is urgently needed. Accumulation of empirical evidence should also lead to the development of clinical practice guidelines on how we should treat self-report of sleep in the management of sleep complaints in chronic pain patients. Another line of research that may be worthwhile is to evaluate how we could effectively use sleep diaries. This may sound contradictory as the results of the present study using the ED sleep data raised this very question. The key here, however, is to use the dairy over time. The results of the present study showed the discrepancy between the subjective and objective data; however, they also suggest that most patients are not discrepant all the time. Thus, collecting sleep data over, say 2 weeks or so, could provide a better and hopefully more accurate sampling of patient's true sleep data. Repeated assessment also has an advantage of reducing the measurement error. 46 A sleep diary is also easily implemented particularly for those who find the use of the standardized instruments, although desirable, impractical because of the time and effort involved in administering, scoring, and interpreting the results.
There are limitations of the present study that need to be discussed. In this study, our participants were not screened specifically for sleep disorders. Thus, we were unable to delineate how dyssomnia and parasomnia may interact with fibromyalgia pain, and possibly contribute to the nightly variations of their sleep quality. Indeed, a recent study 47 suggests that the presence of sleep disorders in patients with CFS may significantly impact the agreement/discrepancy between objective and subjective sleep measures. Another limitation of the study is our reliance on actigraphy for obtaining "objective" sleep measures. Although past research has shown good agreement between actigraphic data and polysomnographic data in healthy individuals, 48, 49 the validity of actigraphically obtained sleep data in any chronic pain populations is yet to be tested. This is particularly important as the accuracy of actigraphic sleep data may show some decline as sleep difficulty, which is common in chronic pain, become more problematic. 50 Finally, our sample demographic may suggest a certain degree of homogeneity; our participants were predominantly middle-aged female, white, and well educated. Although FMS is far more common in women and this profile may be fairly typical of those who volunteer to clinical studies, FMS affects people with a range of racial/ethnic and economic status. 51, 52 Although the FMS-related symptoms and complaints in our sample appear typical of FMS patients in clinical research settings, whether our results can be generalized to all people with FMS needs to be tested in a more heterogeneous study sample.
In summary, FMS patients seem to commonly misestimate the duration and quality of their sleep. The difference between self-reported sleep duration and actigraphically obtained duration is particularly large when their sleep is restless, they feel that it was difficult to fall asleep, and when they are tired at the time of reporting. FMS-related symptoms are mostly related to subjective report of poor sleep but not to objective sleep data. As clinical evaluations of sleep regimen for FMS patients typically rely on subjective sleep report, clinicians need to be aware of the pitfalls of the subjective report and consider ways to improve the accuracy of their assessment. Future research should also address the illness-related, personal, environmental, and biological factors that may be relevant to the misestimation of sleep, to help develop reliable and valid sleep assessment methods that can be readily used in a busy clinical practice to treat FMS patients.
